Neuropsychiatric symptoms in 65 welders exposed to aluminium and 217 railroad track welders were studied with the aid of a previously validated questionnaire. Semiquantitative data on exposure to the metals aluminium, chromium, lead, manganese, and nickel were also recorded by questionnaire. Logistic regression was employed to study the relation between exposure and the prevalence of symptoms. Welders exposed to aluminium, lead, or manganese for a long period had significantly more neuropsychiatric symptoms than welders not exposed to these metals.
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The results indicate that detailed psychometric studies should be performed on welders exposed long term to specific metals as such exposures might affect their nervous system. Aluminium has attracted considerable interest since it was associated with encephalopathy in patients undergoing dialysis.' Patients with severely impaired kidney function cannot eliminate aluminium in the urine, and the metal accumulates in the body as a result of prolonged exposure. Increased concentrations of aluminium in the brain and bone may damage these organs.2" Welders exposed to aluminium have significantly higher blood concentrations of aluminium than non-exposed referents, although lower than dialysis patients without signs of encephalopathy. 4 Welders are sometimes exposed to other neurotoxic metals including lead' and manganese. 6 The purpose of the present investigation was to study the prevalence of symptoms from the nervous system among welders exposed to aluminium and also to other potentially confounding neurotoxic metals.
Subjects
A group ofwelders exposed to aluminium.was chosen from companies from which we had previous information on exposure to aluminium welding fumes.7 A questionnaire, described under Methods was sent to 73 male welders at different places in Sweden who, according to information from their companies, had been exposed to aluminium welding fumes for at least 10 years. Railroad track welders were chosen as a referent group. This group comprised 235 male railroad track welders employed by the Swedish state railways in September 1983. Tables 1 and 2 present the age distribution and the number of years of exposure to welding fumes among the 65 aluminium welders and the 217 railroad track welders who answered the questionnaire.
One third of the railroad track welders had welded high alloy manganese and lead painted steel and such exposures were less common among the welders exposed to aluminium. Thirteen railroad track welders had previously welded aluminium. In the analysis the occurrence of symptoms was studied in relation to data on exposure. Table 3 gives the metal exposures of the total group. Method A questionnaire was constructed to estimate exposure to welding fume from aluminium, chromium, The cumulated exposure to each of the metals was categorised on a quantitative scale. Category 0 indicated that exposure was lacking for the metal of interest. Category 1 contained low exposed, category 2 medium exposed, and category 3 high exposed welders. Each category of exposure was formed to contain about the same number of subjects, and table 5 gives the limits of the categories. The categories of exposure were introduced as factors in the model.
Odds ratios (ORs) were obtained from the regression equation. The ORs were based on the prevalence of symptoms in this cross sectional study. The prevalence OR is a good approximation of the incidence rate ratio if the duration of symptoms is the same among the exposed and the non-exposed workers."
Results
The number of positive answers did not follow a normal distribution but was skewed towards a lack of positive response (table 4).
All variables were included in the analysis (table 5) . Welders with long term exposure to aluminium, lead, or manganese showed an increased risk of having three or more symptoms, whereas welders exposed to chromium and nickel did not. Age had a minor influence on the number of positive answers.
Each question in the questionnaire was also analysed in relation to exposure. Two symptoms were related to exposure to aluminium. 
Discussion
In this study welders with long term exposure to aluminium, lead, or manganese reported an increased number of symptoms from the nervous system. These results are discussed in relation to previous knowledge and potential sources of error.
ALUMINIUM
Welders reporting exposure to aluminium fumes for more than 20 000 hours, corresponding to about 13 years of full time exposure, had a doubled risk of answering Q16 with three or more positive answers. These results support the hypothesis that exposure to aluminium may be an occupational hazard. In an earlier study we found that aluminium welders exposed for about 20 years had 100 times higher urinary concentrations of aluminium compared with industrially non-exposed workers'2 and long-term exposed welders have an estimated half time of urinary aluminium of six months or longer.'3 As aluminium is a neurotoxic metal, it seems biologically plausible that high and long term occupational exposure to welding fume containing aluminium may have neurotoxic effects.
CHROMIUM AND NICKEL
Stainless steel contains chromium and nickel but neither is known to affect the nervous system'4 '" and these exposures did not relate to any symptoms in the questionnaire. This result might be regarded as support for the validity of the positive findings; a general tendency to over-report symptoms would not have been selective to specific metals.
LEAD
Lead is a well known neurotoxic metal.5 Welders exposed for more than two years full time had a trebled risk of answering Q16 with three or more positive answers. Data regarding concentrations of lead are unfortunately lacking for this group of welders. Other workers exposed to lead had an increased number of neuropsychiatric symptoms as well as decreased performances in psychometric tests. 16
MANGANESE
Manganese is known to have neurotoxic effects6 and welders exposed full time for more than two years had a six times higher risk of answering Q16 with three or more positive answers. During railroad track welding two manganese electrodes are used (OK 86 08 and OK 86 28) and the smoke from these electrodes contains 20-25%°manganese according to the manufacturer. In a group of welders exposed to 1-4 mg of manganese per m3 for a mean period of 16 years a relation was found between the duration of exposure and an integrated measure of reaction time. '7 POTENTIAL SOURCES OF ERROR The group of welders exposed to aluminium was chosen from companies investigated earlier in a national survey of exposure to welding fumes.'8 All welders exposed to aluminium fumes long term in the country were not included but it seems unlikely that any systematic error would have been introduced by the selection.
The time the arc is lit as a percentage of the total working day is defined as the arc time. The arc time is about 500 when overlaying rail, an operation sometimes associated with exposure to manganese. For mold welding of rails the arc time is about 120% and for metal arc welding in workshops the arc time is about 200°1o8 In this investigation more than half of the railroad track welders stated that they welded for four hours or more a day. It is obvious that the stated welding time is not equivalent to the arc time. This discrepancy probably does not, however, invalidate the use of such data for a rough categorisation of exposure.
The questionnaire did not contain questions concerning other potentially toxic agents that might effect the nervous system, such as alcohol and organic solvents. It seems, however, unlikely that such exposures should differ considerably between the groups. The welders were probably comparable concerning education, social background, and occupational background irrespective of welded material. Wages and security of employment may vary but it seems unlikely that such factors could explain the differences found.
VALIDITY OF THE QUESTIONNAIRE Questionnaire 16 has not yet been fully validated against other means of measuring early disorders of the central nervous system. A higher proportion of positive answers, however, has been related to decreased psychometric performance in groups exposed to lead'6 and organic solvents.8 19 Groups exposed to organic solvents reported an increased number of symptoms in a dose response fashion. 8 1920 The simple addition of symptoms arising from different nervous functions has been criticised2' but the extensive experience of this mode of evaluation indicates that the technique is valid for early detection of neuropsychiatric effects.
Conclusion
Welders exposed to aluminium, lead, or manganese for a long period had more neuropsychiatric symptoms than welders not exposed to these metals. Such results might be regarded as a warning that prolonged exposure to specific metal welding fumes could affect the central nervous system. Clinical and psychometric studies of long term exposed welders should be carried out to verify or refute these results. 
